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AN I N i S T I G A T I O N  OF TRE m C T S  O F  A GEOMEZRIC TWIST ON TEE 

WDVG-BODY CONFIGURATION AT TRANSONIC SPEEDS 

By Claude V. WillFms 

An investigation was mcie in the Lerlgley 8-foot trmsonic  tunnel of 
the  pressure  distribution on a wing-body configurztion l-~vilng a twisted 
45O sveptback wing x5th aspect   ra t io  4, taper   ra t io  0.6, and NACA 65~006 
z i r fo i l   sec t ions   p rna l le l   to   the  plur-e of s v e t r y .  The body had a c-mved 
forebody prof i le  and an efterbotiy which was cy l i rdr ica l  from the  region 

were obtained at Mzch llumsers of 0.60 t o  1.13. The test Reynolcs nun$er 

wing t w i s t  on tine lozd2ng  and associated  characteristics,  the results of 
t h i s  investigation axe compered  -with sirnLiar dsta previously  obtained  for 
& plane  or  untwisted 4 3 O  sweptback w5Ln.g in  conhination with the se*pe body. 

L of the leading edge of  the wing-body juncture re&rw&rd t o  the  base. Data 

- varied from 1.7 x lo6 t o  2.1 x lo6. in order   to   indicste  the e f f ec t  of a 

The cotqarison  indiczted that the  twisted-wing  configuration m u s t  be 
at higher  angles of attack  then t'ne plme-hing  configuration  for  the same 
normal-Torce coefficient.  This  increased angle of attack  caused  the body 
of the  twisted-wing  configuration  to  carry a l a g e r  percentage of the 
to ta l   loed  th.m the body of the plane-wing configuration. Also, as 
result 02 the  increased  angle of zttack,  the  loads  over  the inboard sec- 
t ions of the  twisted wing were increased,  and the loads  over  the  outboard 
sections were decreesed,  relative t o  the  loadirg on the  plane bring. The 
center of pressure  of the h i s t e d   u i p ?  moved forwad an& inboard  of  the 
locetion for the  plane wi_n_g without  significantly  altering the uing  tor-  
sional  characterist ics.  As night be expected, the  wing berding-momnt 
coefficients for the  twisted wing were l e s s  than those  for the plazle w i n g .  
The twisted wFn3 had more posit ive pitching-noment coefficients than the 
plzne wing, but, wing t w i s t  appeared t o  h v e  l i t t l e   e f f e c t  on the longi- 
tud ina l  s tab i l i ty   chmacter i s t ics  of the wins-body conbination. 
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The evaluation  of  changes i n  spw-wise loading which resu l t  from 
twisting due to   aeroe las t ic  bending is one of the  structural  design con- 
siderations  resulting from zhe current  use of t h in  swept5ack wings on 
transonic-airplane  configurations.  In  general,  the chan&es in  losding 
must be determined Sy experixental  investigations,  since  regions of sep- 
arated and mixed flows  over  the wings a t  transonic  speeds  seriously hamper 
accurate  theoretical  czlculation of the  necessary  loading  parameters. 
Such an investigation has been conducted t o  obtain  the pressure distri- 
bution  for a geonetrically  twisted,  thin, 45O swept'oack  wing in  the 
Langley  &foot  transonic  tunnel. Tne twist of  t h i s  wing is considered 
t o  be a typical  variation and  does  not  represent  the twist of any partic- 
ular type of wing st ructural  system. The model was t es ted  at Mach nun- 
bers of 0 .&I t o  1.13 and at angles of attack  of Oo t o  20'. The Reynolds 
nmber  of  the  investigation  varied from approximately 1.7 x 106 
t o  2.1 x 10 based on the wing  Eean aerodynatic  chord. 6 

The resu l t s  of  a previous  load  Investigation of an untwisted o r  plane 
wing of sirnilax plan form i n  combination w i t h  the sene body have been 
reported i n  reference 1. These untwisted o r  plane-wing data and the 
twisted-wing data of t2ne present  investigation  me  coqared  in  order to 
indicate  the  effects of a wing t w i s t  on the loading and pitching-moment 
characteristics  of  the wing-body conbination. A very  brief comparison 
of these configurations  has  previously been presented  in  reference 2. 
Several  load  investigations of the  plane wing  mounted on a body different 
fron that of the preserrt  investigation  hsve been condrzcted, and the results 
of these  tests  are  presented  in  references 3, 4, and 5 .  The data of  ref-  
erence 1 evalmte  the wing-body interference  effect  of  these two different 
body shapes. 

a chordwise distance f r o n  ~ L n g  0.25-chord l i ne  t o  wing chordwise 
center of pressure 

b wing span 

be/2 wing semispan  outboard of' wing-body juncture 

C loca l  chord measured para l le l  t o  body center  l ine 

8 

I 

C '  wing nean  aerodynamic  chord 



NACA EM L54~1-8 
c 

3 

- 
C 

.I 

D 

L 

M 

P 

P 

PO 

R 

S ?. 

V - 

Y 

Y e  

". 

at 

e 

A 
h 

P 
(. 

wing average chord, S/b 

body dianeter at a ~ y  longitudinal  station 

body length 

Mach  number 

pressure  coefficient, 
a - Po 
s, 

local   s ta t ic   pressure 

streax stet ic   gressure 

strean dynamic presswe, pV2/2 

body radius et any s ta t ion  

wi-r-g area (includes area bladseted by body) 

stre-  velocity 

distmme measured from bow r-ose along body center   l ine 
(positive  rearward) 

distance measured rYon wing leadFng edge along any chord line 
(positive rearwarrd) 

spm-wise distmce Eeasured fron body center  l ine 

spanwise distance nieasured from wing-body juncture line 

angle of attack of bow  center  l ine of plane wing-body 
configuration 

mgle  of attack of body center  l ine of twisted wing-body 
con3igurat  ion 

wing twist -le neasured between loca l  chord line and body 
center line (en_gles below body center line negative) 

sweep mgle  of wing 0.25-chord l i n e  

stre" density 
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Wing Coefficients 

CB 

c.W 

C nW 

CT 

(p) W 

w i n g  bending-Eoment  coefficient  about  wing-body  juncture  line, 

wing  pitching-moment  coefficient  about  0.25-mean-&erodynaic- 

chord  line, 2 1  b/2 C m 4 4  3 C2 dy 
Rnax 

wing section  pitching-moment  coefficient  about  0.25-chord  line, 

wing  section  pitching-moment  coefficient  about  0.25-nean- 
cn 

aerodynamic-chord  line, cm,+ + -$ec I /4 - xc/4) 
where (xc 1/4 - xc/4) is chordwise  distance from 0.25-mean- 
aerodynamic-chord  line  to  0.2~-local-chord  line (x positive 
rearward) 

wing  normal-force  coefficient  (perpendicular to body center 

line; cnw  uncorrected  for  twist  angle e), 
Rmax 

w i n g  section noml-force coefficient  (normal to local  chord 

wing  twisting-moment  coefficient  aboslt  0.25-chord  line, 
-COS h - C N .  a 

C' 

wing chordwise center of pressure, 0.25 - - c% 
cNW 

spandse center  of  pressure  in  terms of semispan of wing 
outboard  of  body, CB/CN~ 
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3ody  Coefficients 

cmB body  pitching-nomeEt  coefficient  about  0.25-nean-aerodynanic- 
chord  line  and  based on -dng area S, 

distwce Trom  intersection of 0.25 w i n g  mean  aerodynamic 
chord and body  center  line to any  transverse  section 

cNB body  normal-force  coefficient  based on wing area S, 

D 

cnB body  transverse-section  normal-force  coefficient, 

R -. 

5 
Wing-Body Coef f iciects 

- cnl t o t a l  pitch--moment  coefficient, % " %B 
CN total normal-force  coefficient, C!N~ + C N ~  

1ongitudSnal center of Fressure, 0.25 - - c, 
CN 

Subscripts : 

L lower  surface 

U upper surf  ace 

. 
The  investigation vas conducted  in  the  Langley  8-foot  transonic  tunnel. 

b This facility hes a dodecagonal  slotted  test  section in which  the Mach 
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number can be continuously  varied  through the speed  range up t o  a Mach 
number of  approximately 1.14. Detailed  discussions  of  the  design and 7 
calibration  of t h i s  tunnel  are  given  in  references 6 and 7, respectively. 

Model 

Dimensional de ta i l s  of the sting-Taunted model are skown in   f igure 1. L 
Photographs of the model installed  in  the  tunnel are shown in   l igure  2. 
The steel  body 'had the sane  dimensions as that of body D of the  force 
investigation  reported  in  reference 8. The force data for  the body alone 
are included i n  reference 8. Pressure measurements on the body alone are 
presented in  reference 9 .  Ordinates  of the body nose are  presented  in / -  
table I. The afterbody of the model was cylindrical  rearward from the 
20-inch s t a t ion   ( f ig .  1) . 

The steel wing of the  nodel had 45' sweepback of  the 0.25-chord l ine,  
aspect  ratio 4, taper   re t io  0.6, and NACA 65~006 a i r fo i l   sec t ions   para l le l  
t o  the vertical  plane  of symmetry. The w i n g  sections were twisted  about 
the wing 0.25-chord l i ne  i n  planes  pazal le l to  the ver t ica l  slue of sym- 
metry t o  produce the spanwise t w i s t  variation shown in  f igure 3 .  The wing 
had the same plan form and a i r fo i l   sec t ion  and waB nounted i n  the midwing I 

position a% the same longitudinal  location on the body as the wing of I 
reference 1. Both w i n g s  had Oo dihedral and  plan-form areas of 1 square 
foot.  The body covered 16.9 percent  of the wing area. 

J 

Throughout this report,  the  untwisted wLng used i n  the investigation 
of reference 1 is referred t o  as the plane wing, whereas the w i n g  of the 
present  invgstigation is identified as the twisted wing. 

Model lnstrumentation 

Static  pressures were measured a t  156 body or i f ices  and 115 wing 
orifices  located as shown in  f igures  4 and 5 .  

The angle of  attack w a s  obtained from an electrical   indicator  located 
i n  the movable portion  of the tunnel  sting-support system  rearwerd of the 
model and was corrected by m a n s  of  calibration of  the  sting  &eflection 
between the model and the measuring uni t .  

Tests and Accuracy 

The mdel was tested at stream Mach numbers of 0.60, 0.80, 0.85, 
0 .go, 0.95, 0.98, 1 .OO, 1.03, 1.08, 1 .lo, and 1.13. The maximum random 
e r ro r   i n  measuring stream Mach  number is believed t o  be about 0 .OO3. 
Mach  number deviations  in the region of the model generally  increase  with 

# - 
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CL 
Mach  number but  ordinarily do not exceed  approximately 0.006 at s t rean 
Mach numbers  up to 1.13 ( r e f .  7 ) .  The model w a s  subject t o  the  effects  
of wall-reflected shock disturbances a t  Mach nmbers  greater thaa 1.0. 
It is believed that these  effects were saall, and no corrections  for 
these shock reflectfons have been epplled  to the data. 

d l -  

1 The repeatabil i ty  of meesurement of  the  pressure  coefficients is 
.. believed to be % .006. A t  each Mach number, the nodel was tes ted  et 

n o m a 1  angles of attack  of 00, 4O, 80, Eo, and 20°. A consideration 
of the factors  involved  indicates  that  the  accuracy  of  the  corrected 
angle-of  -attack measurements presented was approximately 39 .lo. The 
Reynolds number duri  the  investigation  varied  fron  approxirmtely 
1.7 x 10 6 to 2.1 x 10 T when besed on the wing mean aerodynmic  chord  of 
6.125  lhches. 

RESULTS AND DISCIESION 

Basic 

General comments. - The 
tributions axe presented in 
ures, the data are arranged 

. 

Pressure Measurements 

basic wing and body pressure-coefficient dis- 
figures 6 and 7, respectively.  In  these  fig- 
on facing pages a t  constant Mach numbers. 

t 
% In   f igure 6, the wing pressure-coefficient  distributions are presented 

for   f ive spanwise s ta t ions at nominal angles of attack of Oo, bo, 80, l 2 O ,  
and 20°. Corrected  arlgle-of-attack  values are given  for  each  condition. 
Corriparisons of the data for  the twu wing configurations have  been made 
a t   l kch  numbers of 0.60, 0.95, 1.00 and 1.13 in  figures 6(a), 6(e),   6(g),  
and 6(k), respectively. in these ftgures, plain symbols s ignify data for  
the twisted wing and f lwged symbols bt.a for  the plane wing. I n  an e f for t  
t o  avoid  confusion,  the plane-wing-con2iguration data axe unfaired. 

The basic  pressure-coefficient  distributions f o r  the six meridiens 
&round the body are  presented  in  figure 7 at  nominal angles of attack 

Mach nmbers of 0.60, 0.95, 1 .OO, esd 1.13 are made in   f igures   7 (a) ,   7 (e) ,  
7(g), and 7(k),  respectively. In these  figures, the faired  curves  indi- 
cate  data f o r  the twisted wing, and the  circles  indicate data fo r  the 
plane -wing configuration. 

, L of Oo, ko, 80, e, and 20°. Comparisons of the tkm configurations a t  

\ 

W i n g  section  characterist ics.-  The variations with angle  of  attack 
of the  wing-section  pressure-coefficient  distributions are presented i n  - 
figure 6. As  woul~ be  expected,  these  data  indicate  that the  flow at  l o w  
angles of a t tack w a s  essentially  unseparated; hence, the  pressure- 
coefficient  distributions for  the wing sections were primarily governed 
by the loca l  angles of attack. This is shown throughout  the Mach  number 

. 

. - 
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range by the data presented  for  angles of attack of Oo and 4O, and a t  
subsonic  speeds by the date a t  an angle or" attack of 80. These data 
indicate that the pressure-coefficient  distributions  for the twisted and 
plane wings were essentially the same over the inboard wing sections where 
the  local  angles of  at tack were similar. Over the  outboard  regions  of 
the w i n g ,  however, where the  local  angles  of  attack  of the twisted wing 
vere lower than  those  of  the  plane wing, considerable  differences i n   t h e  
pressure-coefficient  distributions  existed,  primarily at the leading-edge 
regions of the wings. 

Y 

A t  an angle  of  attack  of at Mach numbers of 0.95 and 1.00 
(Tigs.  6(e) and 6(g)), the  negative  pressure-coefficient;  distributions 
over t;le outboard  trailing-edge  regions  of the upper surface of the 
twisted wing indicate that the flow was essentially  unseparated,  in con- 
trast t o  considerable  separation  noted  for the similar region  of the 
plane wing. These pressure-distribution  characteristics  indicating  sep- 
aration on the  plane wing resulted from a shock wave which formed at the 
t r a i l i ng  edge of the wing-body juncture and  extended la teral ly   across  
the span. Because of the lower section  angle  of  attack of the  twisted 
wing, and hence lower  induced  flow, the shock was sonewnat weaker on the 
twisted wing than on the plane wing and, therefore, caused less  shock- 
induced separztion  to  occur on the twisted w i n g ,  resul t ing  in  the rela-  
t ive ly  smaller l i f t  loads shown at  the t r a i l i ng  edge of the twisted wing. 

At; subsonic  speeds a t  an angle  of  attack  of P, the  flow  over  the 
upper surfaces  of  both wings consisted  primarily of a vortex which orig- 
inated at the  leading edge of  the wing-body juncture and extended  outward 
and reerward  across  the spm. This  vortex is corndon t o  t h in  sweptback 
w i n g s .  Considerable  flow  separation  associated w i t h  the  vortex  existed 
over  the upper surface  of most of  the  span of both wings as evidenced by 
the flat upper-surface  pressure-coefficient  distributions. The pressure- 
coefficient  distributions  indfcate, however, that  the  separation over the 
twisted wing w a s  somewhat less severe than tha t  which existed over the  
plane wing. A t  the  higher test Mach numbers, the  effect  of  this  vortex 
was gradually  reduced  because  of  the more efficient  turning of the flow 
in  the  supersonic  region at the  leading edge of the wing. 

A t  an  angle of attack  of 20°, severe  separation  occurred  over the 
upser  surface of both wings, an& this phenoxenon completely obliterated 
any effect  of  geometric twist. Therefore,  the  pressure-coefficient  dis- 
tr ibutions for both w i n g s  were essentially  the same at  an angle  of  attack 
of 20° t9roughout the Mach  number rarge  investigated. 

Body characteristics.-  In  general, Ym basic  pressure  measurenents 
for  the body of the twisted wing-body configuration,  presented  in  figure 7, 
show the us& pressure-coefficient peaks associated  with the influence 
of the f l s w  f i e l d  of the wing on the body pressures.  Throwhout  the Mzch 
number rmge an increase  in  angle of attack caused the peaks t o  increase 

V 
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and also t o  spread  longitudinally  along -Lk;_e body. As would be expected, 

the wb-g and decreased in l eve l  around the body. 
1 the pressure-coefficient peaks ';ere gregtest for  the  merfdians  nearest 

The coaparisons at nearly  constent angles of attack of the pressure- 
coefficient  distributions over the bodies of the  tvo  configuratfons indi- 
c&te tha t  the body pressure  coefficients in  the region of the twisted 
wing-body jmcture  were always s l igh t ly  less negative  over the upper b o w  
meridians and s l igh t ly  less posit ive over the lower body meridians than 
in   t he  sirnil- region of the plane wing-body configuration. The pressure 
coefficients  over the extremities of the body of  both  configurations  xere 
ident ical .  

Loading Characteristics 

General cements.- fi- table Ii is  presented a compilation of the 
section  normal-force and pitching-moment coefficients  (taken  about t'ne 
25-percent-local-chord  location)  for the twisted wing at a l l  t i e  b c h  
nunbers and angles of attack  presented  in  this  paper.  The same informa- 
t ion  for   the plane wiog is presented i n  table III. These data heve been 

load-distribution  couputational methods. 
r included in  this paner as a aid for   correlat ing and  checking of various 

Wlng spanwise loa&  d2stributions.- The e f fec t  of a geometric w l n g  twist 

on the spanwise veriation of  the section  normal-loading  coefficient - 
at t o t a l  normal-force  coefficients of 0, 0.2, O.k, 0.6, m d  0.8 are pre- 
sented in figure 8 for all Mach lllunbers or' the investigation. Also 
included i n  this figure  are  accessory  plots  of CnW against Q a d  a 
against CN. Throughout the test Mech nuuber range, the varietions  of 
angle  of  attack with normel-force coefficient  indicate t h e t  i n  the approxi- 
nately  l inear  normal-force-coefficlent range  the  twisted-wing  conffgura- 
t i on  m u s t  be a t  a higher  angle of attack  (referred t o  the body center 
line)  than the plane-wiDg corSiguration  in order -Lo obtain a given t o t a l  
nom-al-force coefficient.  At th i s  conditfon  the  local  angles  of  attack 
of the inboard  sections of the twrs-led w i n s  Fiere higher and the l o c a l  

sections  of the plane wing. In  general, these wi-%-section mgle-of- 
attack  differences  resulted in the lads over the inbosrd  sections of the  

cnvc 
C 

. angles  of  attack  of  the oEtboasd  seckions  lower  than  the  corresponding 

d 

-.r 
- - " 
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twisted wing being  higiier and i n  the loads over  the  outbomd  sections 
being  lower  than the loads over the plane wing at a i l  t o t a l  normal-force 
coefficients through 0.6. 

The largest  differences i n  value  of  the  section normal-loading  coef- 
Cn C 

F 
f ic ien t   for   the  two w i n g s  occurred  over  the  outboard  regions  of 

the wings a t  a  normal-force  coefficient  of 0.6 i n  the Mach  number range 
from 0.60 t o  0.93 ( f igs .  8(a) to   8(e)  ) . These differences  in  value 
resulted from varying  degrees of separation  associated with the  difference 
in  angle of attack  of the configurations. A t  a normal-force  coefficient 
of 0.6 the inboard  sections  of  the  twisted wing were operating i n  the 
angle-of-attack  range where the vortex-type  flow  occurred. This vortex 
caused the flow  over  the  outboard  sections  of the twisted wing t o  sep- 
arate to a greater  degree than t‘nat over  the  outboard  sections  of the 
plane wing. This  greater  separation  occurred even though the  section 
angles  of  attack  for  the  outboard  portions of the  twisted wing  were approxi- 
mately  the same or  less than the corresponding  sections of the  plane w i n g .  

A t  a normal-force  coefficient  of 0.8 at subsonic Mach numbers the 
spanwise distributions of  loading  indicate that the  flow  over the wings 
w a s  severely  separated  over the outboard  regions. This sepuat ion  is 
associated d t h  the leadimg-edge vortex-type  flow mentioned previously. 
Increase i n  Mach  number at this normel-force coefficient caused the 
loadings  over  the  tips  to  increase  because  of a reduction  in  the  strength 
of the separation. 

The plots  of wing nom-al-force  coefficient  against t o t a l  normal- 
force  coefficient  included  in  figure 8 show that throughout the Mach  num- 
ber range  the  variations were essentially  the same, and the  curves  essen- 
t ially  differed  only  in  value.  

Wing bending characterist ics.-  The da ta   in  figure 9 show the  location 
of the lateral centers  of  pressme  for the twisted and plane wings, expres- 
sed i n  terms of the semispan of the wings outboard  of the body.  These 
data., compared a t  constant total   noml-force  coeff ic ients ,   indicate   that  
the center of  pressure  of the twisted wing w a s  always inboard  of that of 
the plane wing which resulted  in  beneficial  reductions  in the wing bending- 
moment coefficients  for  the  twisted wing ( f ig .  10). 

A conparison of the  vaziations  with  nomal-force  coefficient of the 
wing  bending-nioroent coefficients  for the twisted and plane wings i s  pre- 
sented i n  figure 11. These data indicate that throughout  the Mach num- 
ber range an increase  in  normal-force  coefficient,  in  general,  resulted 
in  an increase  in  bending-moxent coefficient. This condition  occurred 
even  though the lateral  center  of  pressure =t high normal-force  coeffi- 
c ients  moved inboard from the  locat ion  a t  somewhat lower  normal-force 
coeff ic ients   ( f ig .  9)  . 

ccrrl 
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Wing tvisting-moxent  chmacteristics.- The curves  of  figure 12 show 

thEt w i n g  twist had l i t t l e  effect  on the  torsional o r  twisting  nonents 
about  the  0.25-percent-chord  line of the wing. Th i s  s d l  effect  occurred 
becmse  the  center of pressure  for the twisted wing w a s  always  inboard 
and ahead of that f o r  the  plane wing ( f igs  . 9 and 13) which, i n  e f fec t ,  
caused  the  center  of  pressure  to nove a p p r o x b t e l y   p a r a l l e l  t o  the wing 
0.25-percent-chord l i c e .  

Percer?t total load cerried by body.- The data  presented Fn figure 14 
show that  at a constant   nom-force  coeff ic ient   the  body of the twisted- 
wing co_n-r"iguration carried more of the tote3 load than  the body of the 
plane - k i n g  configuration  tkroughout the Mach  number range.  For example, 
a t  C, = 0.4 and M = 1.00,  the  load was 17 percent of the to t a l   l oad  
for  twisted wing and 15 percent of the t o t a l  load Tor 2lane wing. The 
larger  percentage of load cmried  by the body f o r  the twisted-wing con- 
f igwzt ion  m&y be et t r ibuted t o  the  fact  that at a constant t o t a l  normal- 
force  coefficient  the body and inboerd wing sections  operated et a higher 
angle of attack than the plane wing-body configuration, hence,  had  sone- 
what higher induced loads. 

t Pitching-Moment Characteristics 

Vaxiat iom w i t h  no-1-force coefficient.- A comparison of khe vari- 
Y ations with normal-force  Coefficient or" the pitching-moment coefficients 

fo r  the  bodies, the  w i n g s ,  and the wing-body configurations i s  presentea 
in  figure 15 fo r  Mach Embers of 0.60, 0.95, 1.00, and 1.13 .  These  curves 
indicate that at all Mach numbers the  twisted wing had more positive  values 
of  pitching-moment coefficient  than did the  plane wing. Li t t le  e f f ec t  of 
twist w a s  noted on the vaziations with normal-force coefficient.  

The more pos i t ive   to ta l  pitching-moment coeff ic ients   for  t he  twisted 
wing-body codigmat ion   resu l ted  from the  addition of the twist e f fec ts  
on both  the body and the wings. The nore  positive  values f o r  the body 
occu-rred  because the  twisted-king  configuration  operated a t  a higher -le 
of attack than the  plane w3hg-body configuration  for  the same t o t a l  no&- 
force  coefficient. The curves of f i gwe  7 show thaA one of the ef fec ts  
of increasing t'ne e g l e  of  attack was t o  ceuse  pezks i n  t'Ge pressure- 
coefficient  curves in the  region  of  the wing-body juncture. These pres- 
sure pe&s increased the  loa6ing  over  the forward portions  of the body, 
aheed  of  the 0.25-nean-aero&ynmic-chord location  (e;pproxinately 68 per- 
cent of the body length),   kiicb  resulted in a positive  increase in  the 
value of t'ce pitching noKent f o r  the body w i t h  a increase  in  mgle of 
a t tack.  

The =ore  positive  values of pitching-Eoment coefficient fo r  the 
twisted wing Cmd resulted from the  fact  that  the  load  over  the twisted 
wing  was hbomd of the load fo r  the   p lwe wing at a constant  norml-Torce 1 



coefficient,  which generally on a swestjeck wing results i n  more posit ive 
pitching moments about  the same 0.25-man-aerodynamic-chord location. 

Variations witin  Mach  number .- In figure 16 is presented a comparison 
of  the  variation with Mach  number of  the  pitching-mment  coefficients for 
the  bodies, the wings, and the wing-body configuretions at   constant  total  
normal-force coefficients.  These data indicate that the twisted wing had 
essentially  the same variations  of  pitching moment with Hach number as 
the  plane wing. 

Longitudinal  center of pressure.- A congarison  of  the  longitudinal 
center-of-pressure  variations with Mach  number for  the twisted and plane 
wing-body configurations is  presented in   f igure 17. These data indicate 
that throughout the Mach nunber r a g e  the center-of-pressure  location of 
the twisted-wing  configuration was always ahead of that for  the plane- 
whg  configuration by an amount vazying from approxixmtely 15 percent of 
the mean aerodynamic chord at a normal-force  coefficient of 0.2 t o  2 t o  
5 percent at a normal"force coefficient of 0.8. 

CONCLUSIONS 

The res-its of an investigation  of a twisted sweptback wing have 
been compared wLth those  obtained Fron t e s t s  of a similar untwisted wing 
and the following  conclusions are made : 

.. 

1. At constant  normal-force  coefficients  through 0.6, the loads over 
.the inboard  sections of' the twisted wing were higher and over Vne outboard 
sections  lower  than the loads over  the  corresponding  regions  of  the  plane 
w i n g .  A t  a normal-force  coefficient  of 0.8 at subsonic  speeds,  severe 
sepsration  occurred  over the outboard  regions  of  both  wings.  Increase 
i n  Mach  number reduced  the  separetion and therefore  increased the loadbgs 
over,  the  tips  of  both wings. 

2. Throughout the speed  range,  the bending-moment coefficients a t  
constant  normal-force  coefficients for the twisted wing were less than 
those  for  the  plane wing. Increase  in  normal-force  coefficient i n  general 
resulted  in  increased wing-bending-nonent coefficients  for  both wings 
throughout the Mach  number range or" this t e s t .  This occurred  even  though 
the la te ra l   cen ter  of  pressure noved outboard and then  inboard k5th 
increase  in  normal-force  coefficient . 

3 .  The center  of  pressure  of the twisted wing was forward and inboard 
of t ha t  fo r  the plane wing at constant  normal-force  coefficients. This 
change in location  of the center  of  pressure did not  affect  the overa l l  
torsional  characteristics  about the 25-percent-chord l ine  but had a decided 
influence  in  decreasing the wing bending-mnent coefficient  of  the  twisted 
wing. r - 
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4. At  low  m@es of attzck  the f l o w  over  both wlngs was  primarily 
governed  by  the  local w i n g  angles of attack. A', 200 angle of Zttack, 
severe  separation  over  the  upper  surfaces  of  the wings obliterated  any 
effects of geometric tw is t .  

5. The  twisted w i n g  had  sonewhat  lower  pressure-coefficient  peaks 
over  the  body in the  region  of  the  wing-body  juncture.  The  pressures 
measured  over  the  extremities of the body or" both  configurations  were 
identical. 

6 .  The  twisted wing-body configuration had more  positive  velues of 
pitching-moment  coefficient  than  did  the  glane-wing-body  com"iguration, 
although  the  varration  with  normal-force  coefficient  and Mach number  for 
both  configurations  was  essentially tine sme. 

7. Ai; a constant nomml-force coefficient,  the  body  of  the  twisted- 
wing configuration  carried a greater  percentage of the  total load than 
did  the  body of the  plane-wing  conf  iguretion . 

Langley  Aeronautical  Laboratory, 
National Advisory Committee fo r  Aeronautics, 

Langley  Field,  Va., A u g u s t  3, 1954. 
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TABLEI 

ORDINATES OF BODY NOSE 

I- 
* 

xB, tn. 

0 
.200 
-300 - 500 
I .om 
2 -000 
3 
4.000 
6 .ooo 
8.000 
10.000 
12 .om 
lk .ooo 
16. ooo 
18.000 
20. om 

R, in. 

0 
.092 
.llg 
,171 
.289 
.482 
.645 

I -788 
1.037 
1.236 
1.386 
1.4% 
1.573 
1.625 
1.657 
1.667 

L.E. radius: 0.0005 

. 
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Figure 1.- Details of the wing-body conflguration. All dimensions are 
in inche6. 
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Figure 2.- Views of the model ins ta l led  i n  the Langley 8-foot transonic 

tunnel. 
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Figure 6.- Basic pressure measurements for the  twisted and plane wings. 
Flags indicate  plane-wing  data. 
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( e )  M = 0.93. 
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